Plasma membrane modifications in AF-toxin I-treated susceptible strawberry leaves were similar to those in AK-toxin I-treated susceptible Japanese pear leaves, but the former was slightly different in ultrastructural features from the latter. The modifications due to AF-toxin I had the characteristic features in ultrastructure as follows: 1) the specific occurrence of small plasmalemmal invaginations at plasmodesmata, 2) the accumulation of scanty polysaccharide-components and a small amount of membranous fragments into the invaginated spaces between the cell walls and the plasma membranes, 3) the appearance of a moderate number of exocytotic Golgi vesicles, and 4) the relatively low incidence of the invaginations. The AF-toxin I-induced modifications were recognized as the slightly damaged type of plasma membrane modifications while the AK-toxin I-induced modifications as the severely damaged type. The results suggested that the effects of AF-toxin I on susceptible strawberry cells were different in some ways from those of AK-toxin I on susceptible Japanese pear cells. In addition, the leakage-sites of tissue-ions were examined in AF-toxin I-treated strawberry leaves, using both antimonate-fixation method and analytical electron microscopy. As the results, it was proved that Na and Mg ions were leaked from the plasma membranes in the vicinity of plasmodesmata at which the modifications specifically occurred in AF-toxin I-treated susceptible cells. This indicated that the slightly damaged type of plasma membrane modifications caused by AF-toxin I in susceptible strawberry leaves was closely associated with the electrolyte-leakage as well as the severely damaged type of plasma membrane modifications caused by AK-toxin I in susceptible Japanese pear leaves.
INTRODUCTION
A distinct pathotype of Alternaria alternata causes black spot of strawberry plants3). The fungus produces three host-specific toxins (AF-toxin I, II and III) in both culture filtrates and spore-germinating fluids. Among the toxins, AF-toxin I and III are toxic to both susceptible strawberry cultivar Morioka-16, the original host, and Japanese pear cultivar Nijisseiki which is the host of A. alternata Japanese pear pathotype, but not to resistant strawberry cultivar Hokowase4). On the contrary, AF-toxin II is toxic to the Nijisseiki cultivar, but not to the Morioka-16 cultivar4). These toxins have been useful as excellent tools of ultrastructural and physiological studies for the complex mechanism in pathogenesis of saprophytic fungal pathogens. Toxin-workers have confirmed that many possible complexities in host-parasite interaction can be bypassed by using the toxins. Some of the workers have attempted to determine the action-sites of AF-toxins9, 10, 12, [19] [20] [21] since the knowledge of the mechanism involving the early events in the toxin-treated host cells is required to better understand the mutual recognition of host-parasite interaction.
It was reported in a previous study that the ultrastructural changes caused by AF-toxin I primarily appeared on the plasma membranes in susceptible strawberry leaves12). The parts of plasma membranes were slightly invaginated inside the cytoplasm by treating with the toxin, especially at the ends of plasmodesmata. The plasmalemmal changes due to AF-toxin I were very similar to the plasma membrane modifications due to AK-toxin I produced by A. alternata Japanese pear pathotype in susceptible Japanese pear leaves. It was observed in an ultrastructural study of AK-toxin I-treated Japanese pear leaves that a large number of exocytotic Golgi vesicles appeared to specifically fuse on invaginated plasma membranes of the susceptible pear cells, suggesting that the formation of plasmalemmal invaginations was associated with the exocytotic Golgi vesicles15). Additionally, Park et al. 14) described in the study of the modifications caused by AK-toxin I that the ions in the susceptible cells were leached from the plasma membranes in the vicinity of plasmodesmata by the toxin treatment. They concluded that the ion-leakage was associated with the plasma membrane modifications. However, the data from the previous study for the ultrastructural effects of AF-toxin I on the host cells were limited to a piece of qualitative information about the specific occurrence of plasmalemmal invaginations at plasmodesmata12 The most marked sign of plasmalemmal changes due to AF-toxin I was the plasmalemmal invagination which specifically appeared in the vicinity of plasmodesmata. Therefore, the plasmalemmal invaginations at plasmodesmata were estimated as the substantial marker of the changes due to the toxin. We counted only the marked invaginations at plasmodesmata to determine the exact incidence of the toxin-induced plasmalemmal changes, but did not the inconspicuous invaginations or the invaginations except at plasmodesmatal regions.
Using the criteria, the incidence of the invaginations was determined with 25,000 magnification in the toxin-treated and water-treated leaves.
Incidence of plasmodesmata with precipitate-laden cell walls. For determining the incidence of plasmodesmata with antimony precipitate-laden cell walls, plasmodesmata were observed with 80,000 magnification.
We counted the only plasmodesmata with the markedly precipitate-laden cell walls.
RESULTS
Ultrastructure of strawberry leaf cells The mesophyll cells of water-treated susceptible and resistant strawberry leaves had the roundshaped nuclei with one or two prominent nucleoli and the cytoplasm which contained large vacuoles, several chloroplasts, a moderate number of mitochondria, a small number of microbodies, a small volume of RER, a few lipid droplets and a large number of free ribosomes (Fig. 1 ). Plasmodesmata were often seen in the cell walls between the leaf cells ( Fig. 2) . The cytoplasm and vacuoles of some cells appeared electron-dense because of the osmiophilic properties of the cells (Fig. 1) . The electron-dense cytoplasm and vacuoles are not due to necrosis induced by the toxin treatment.
Ultrastructure of AF-toxin I-treated strawberry leaf cells Susceptible strawberry leaves responded to AF-toxin I treatment. The partially purified toxin (10 changes in the toxin-treated susceptible leaves were plasmalemmal invaginations in the vicinity of plasmodesmata.
The changes were recognized rarely as the small invaginations at the both ends of plasmodesmata in the phloem and vascular bundle sheath cells 1hr after the toxin treatment,
but not yet in the mesophyll and epidermal cells (Table 1) .
Three hours after the partially purified toxin treatment, 31 to 44% plasmodesmata were closely associated with the plasmalemmal invaginations in susceptible phloem and vascular bundle sheath cells (Fig. 3 ). The size of the invaginations was usually small. The small invaginations did not yet grow larger rapidly 3 hr after the toxin treatment, but were observed extensively in all cell types of susceptible leaves: phloem, vascular bundle sheath, mesophyll, and epidermis ( Table 1 ). The invaginated spaces
Figs.
1-3. between the cell walls and the plasma membranes contained both a small volume of amorphous polysaccharide-components and some desmotubules extended from plasmodesmata (Fig. 4) . Most of the invaginated spaces did not have membranous fragments, but the fragments were rarely seen in the invaginated sites.
Six hours after the partially purified toxin treatment, the plasmalemmal invaginations grew larger only in a small degree by fusing the small invaginations with the neighboring invaginations (Fig. 5 ). In the necrotic veins of the toxin-treated susceptible leaves, the phloem and vascular bundle sheath cells usually had necrotic cytoplasm with degenerated cellular organelles. However, a few phloem cells were not yet necrotic. In the cells, some large plasmalemmal invaginations were found with polysaccharidecomponents, membranous fragments, and extended desmotubules (Fig. 6) . The large invaginations were rare in the toxin-treated susceptible leaves. Golgi vesicles appeared to be found much more in the cytoplasm of the toxin-treated susceptible cells than in water-treated susceptible ones (Fig. 5 ). Many
Golgi vesicles were particularly located in the cytoplasm beneath the invaginated plasma membranes (Fig. 6 ). Among the Golgi vesicles, some vesicles were evidently exocytotic because they released the polysaccharides near the invaginated sites (Fig. 6) . However, the number of Golgi vesicles appeared to Figs. be not so many in AF-toxin I-treated susceptible strawberry cells as in AK-toxin-treated susceptible Japanese pear cells reported previously14,15). Ten hours after the treatment with the partially purified toxin, about 46-60% plasmodesmata of susceptible phloem and vascular bundle sheath cells were associated with the plasmalemmal invaginations while 25-36% plasmodesmata of the mesophyll and epidermal cells were accompanied with the invaginations (Table 1 ).
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The plasmalemmal invaginations were not observed in the susceptible leaves treated with water for 1, 3, 6, and 10hr, and in the resistant leaves treated with the partially purified toxin or water for 6hr
( Table 1) . The similar results of the incidence of plasmalemmal invaginations were obtained in the strawberry Figs.
7-10. 15, 16) , and (f) the appearance of many elongated desmotubules extended from plasmodesmata in the invaginated spaces8). In this study, the similar plasmalemmal changes were also observed in AF-toxin I-treated susceptible strawberry leaves. However, the plasmalemmal changes due to AF-toxin I were different in four ultrastructural features from the plasma membrane modifications due to AK-toxin I. The first is the difference concerning the size of the modifications induced by the toxins.
AF-toxin I induced the small type of plasmalemmal invaginations in susceptible strawberry leaves, but AK-toxin I caused the large type in susceptible Japanese pear leaves. The second is the difference concerning the activity of Golgi bodies. AK-toxin I caused temporarily the enhanced activity of Golgi bodies only in susceptible Japanese pear leaves at the early time after the toxin treatment15,16). Within 6hr after AK-toxin I treatment, exocytotic Golgi vesicles were concentrated in the cytoplasm beneath the invaginated plasma membranes.
On the other hand, more Golgi vesicles were seen in AF-toxin I-treated susceptible strawberry leaves than in the water-treated susceptible strawberry leaves. Many
Golgi vesicles were present at the cytoplasm beneath the invaginated plasma membranes or fused on the invaginated plasma membranes, showing that the Golgi vesicles were evidently associated with the formation of the invaginations.
From the detailed observation of Golgi vesicles, we have reached to the conclusion that the number of Golgi vesicles were not so many in AF-toxin I-treated susceptible strawberry leaves as in AK-toxin I-treated susceptible Japanese pear leaves. The third is the difference concerning the amount of the polysaccharide-components or membranous fragments present in the invaginated spaces between the cell walls and the plasma membranes. The polysaccharide-components or membranous fragments were very scanty at the invaginated spaces in AF-toxin I-treated susceptible strawberry leaves, but they were found abundantly in AK-toxin I-treated susceptible Japanese pear leaves. The fourth is the difference concerning the incidence of the invaginations. The modifications were observed less frequently in AF-toxin I-treated susceptible strawberry leaves than in AK-toxin I-treated susceptible Japanese pear leaves. When compared the modifications due to AF-toxin I with those due to AK-toxin I (Table 4) , essential difference between two modifications appeared to be responsible for the different activity of Golgi bodies in the toxin-treated strawberry or pear cells. Until Table 4 . Comparative ultrastructural features of two different types of plasma membrane modification now, the intensity of the modifications has been determined by the size of the modifications and the amount of inclusive materials such as polysaccharide-components or membranous fragments. It is no doubt to consider that the large modifications were formed by accumulating a great amount of the inclusive materials. We tried to explain the difference between the large and small modifications as follows: the large modifications due to AK-toxin I were responsible for the enhanced activity of Golgi bodies in Japanese pear cells while the small modifications due to AF-toxin I for the less enhanced activity. On the basis of different host-responses against these toxins, we have made an attempt that the modifications due to the toxins are further divided into two different sub-types: the severely damaged type of plasma membrane modifications, and the slightly damaged type of plasma membrane modifications2,5-17). It was known in the previous studies that AF-toxin I caused the slightly damaged type of plasma membrane modification in susceptible strawberry leaves, but the same toxin also induced the severely damaged type in susceptible Japanese pear leaves (Nijisseiki cultivar) 9, 10, 12) . At this present time, we can be taken in two ways to interpret the different host-responses of AF-toxin I and AK-toxin I against the respective host cells. The first is the idea that the mode-of-action of AF-toxin I in strawberry leaves slightly may differ from that of AK-toxin I in Japanese pear leaves. The second is the idea that the severely damaged type of plasma membrane modifications may be responsible for the inherent properties of Nijisseiki cultivar: the Golgi bodies of Nijisseiki cells radically may respond with both AK-toxin I and AF-toxin I. Now, we consider that the first idea is likely proper because Nijisseiki cells exhibited the slightly damaged type of plasma membrane modifications against AM-toxin I treatment9).
This study indicated that the specific precipitation of sodium antimonate and magnesium antimonate was often found in cell walls of AF-toxin I-treated susceptible strawberry leaves, but not in those of the toxin-treated resistant ones. It was evident that sodium and magnesium ions were originated from the susceptible cells because the presence of these ions was restricted to the cells. The precipitation specifically appeared at plasmodesmatal regions of cell walls of the toxin-treated susceptible cells. Fifteen min after the toxin treatment, most of plasmodesmata were accompanied with the deposition of the electron-dense antimony precipitates, but were not with the plasmalemmal invaginations.
In some plasmodesmatal regions of the susceptible cells, especially phloem cells, both the precipitation and the invaginations appeared at the same time. The similar results were obtained in different combinations of toxins and hosts: AM-toxin I and apple18), AK-toxin and Japanese pear14) and alternaric acid and tomato2). In all combinations including this case, it was confirmed that the occurrence of the precipitates appeared earlier than that of the plasmalemmal invaginations2,14,18). As the time of the toxin treatment elapsed, the frequency of appearance of the precipitates in this regions became lower in the toxintreated susceptible leaves (Table 3 ). This is due to difficulty of detecting the heavy deposition of the precipitates under an electron microscope because the rapid consumption of the minor electrolytes such as Na and Mg ions was probably caused in the susceptible leaves with the time after the toxin treatment.
These results suggest that the slightly damaged type and severely damaged type of plasma membrane modifications are closely associated with permeability changes in the toxin-treated susceptible leaves: the modifications are the ultrastructural changes which reflect the physiological dysfunction in plasma membranes. Additionally, the results also suggested that the active sites of the toxin were located on the plasma membrane near plasmodesmata in the susceptible cells.
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